ABSTRACT-The seed production of marbled sole Pleuronectes yokohamae has been attempted at a hatchery in Kagawa Prefecture, Japan since 1989, while a subacute disease with a consider able amount of mortality occurred in larval and juvenile fish (24-69 days old) in 1989, 1990, 1991, 1997 and 2001. Diseased fish displayed edema, an abdominal distension due to ascites, and exophthalmia. The outbreak of the disease usually continued for 1 month or longer and the cumu lative mortality was often over 40%. The evident histopathological features were the formation of multinuclear syncytia and following necrosis in the liver, renal tubules, pancreas and intestinal epi thelium, and hemorrhage in the brain, choriocapillaries, stomach and skin. Electron microscopy of affected hepatocytes revealed formation of inclusion bodies consisting of crystalline arrays of virus particles (75-80 nm in diameter). These results suggest that the pathognomonic sign of the present disease is necrosis accompamied by the syncytial formation which would be associated with a virus infection.
Marbled sole Pleuronectes yokohamae is distrib uted from southern Hokkaido to Oita Prefecture in Japan, and also in the Yellow Sea, the Gulf of Po-Hai and the northern part of the East China Sea (Sakamoto, 1984) . Its seed production for stocking has been devel oping in several hatcheries in Japan (Fisheries Agency and Japan Sea-Farming Association, 2003) because of a high commercial value. Seed production of marbled sole has been attempted at a hatchery in Kagawa Pre fecture since 1989, while a subacute disease with exophthalmos and ascites often occurred with a consid erable amount of mortality in larval and juvenile fish in 1989, 1990, 1991, 1997 and 2001 . Thus, the outbreak of the disease resulted in a significant impact on the seed production.
In order to clarify the cause of this mortality, we made histopathological studies including electron microscopy, and microbiological examinations of the diseased fish. In this paper, authors describe the details of outbreaks and the pathological features of the diseased fish, which are worth while contributing diagno sis of this marbled sole disease.
Materials and Methods
Diseased and healthy marbled sole examined Moribund larvae and juveniles of marbled sole (43 -61 days old, total length 13-29 mm) were collected during natural outbreaks at a hatchery in Kagawa Pre fecture in 1989, 1990, 1991, 1997 and 2001 . As a negative control, healthy larvae and juveniles were col lected from the same hatchery in 1999 when the disease did not occur. T. Isshiki, T. Nagano, M. Abe and T. Miyazaki T. Isshiki, T.Nagano, M.Abe and T. Miyazaki ally fused each other and formed a multinuclear syncytium. The early stage of syncytium had a coagu lated cytoplasm and diffusely located nuclei (Fig.  2B ). The degenerated syncytium had a vacuolated cytoplasm and centrally accumulated nuclei showing karyopyknosis and karyorrhexis, resulted in a decreased number of nuclei (Fig. 2C) . The surrounding hepato cytes were slightly atrophic. In the electron microscopy, infected hepatocytes forming a syncytium exhibited some inclusion bodies, pyknotic nuclei with condensed chromatin and deformed membranes, swollen mitochon dria, and expanded reticula. The primary inclusion bod ies were observed as electron dense bodies (Fig.  2D) . The early stage of inclusion bodies were delimited with a thin membrane and contained large numbers of fibril or membranous structures, fine granules and a small number of subviral particles with a size of 30 nm and high electron density (Figs. 2E and 3A) . In the developing inclusion bodies, a mass of fibril or membra nous structures was partially or mostly replaced by fine granules and increased numbers of subviral particles and immature virions (Figs. 3B and C) . The inclusion bodies in this stage were evident as virus assembly sites (VAS). The well developed VAS was occupied by great numbers of complete virions and empty virions forming crystalline arrays, and the surrounding membrane disap peared (Figs. 3D and E) . Complete virions had an elec tron-dense core surrounded by an double layered nucleocapsid with a hexagonal outline and an edge to-edge diameter of 75-80 nm. These morphological features of complete virions and the virion replicating process resemble those of viruses in the family Reoviridae (Rivas et al., 1998; Mertens et al., 2000; Nibert and Schiff, 2001; Seng et al., 2002) . The forma tion of VAS was observed neither in slightly atrophic hepatocytes nor normal-looking hepatocytes.
In the kidney, renal tubular epithelia formed syncytia and were extensively necrotized.
Necrotic lesions in renal tubles formed casts of dead cells (Fig. 4A) . The hematopoietic tissue did not show any necrotic changes.
Necrotic lesions accompanied by the syncy tial formation were also observed in the pancreatic aciner cells (Fig. 4B ) and the intestinal epithelium (Fig.  4C) . Necrotic foci were observed at the gastric glands of stomach. The retina sometimes extensively showed necrotic lesions in the pigment epithelium but not in the nerve cell layer (Fig. 4D) . Ellipsoidal cells were also necrotized in sheathed arteries in the spleen. Hemorrhage occurred in the optic lobe of the brain (Fig.  4E) , the choriocapillaries behind the eyeball, the submu cosa of the stomach and the dermis, and edematous changes were found in the dermis and gill lamellae. Serous fluid appeared to be exuded from necrotic lesions in various tissues resulted in accumulation of ascitic fluid and edema.
No bacterial invasion was observed in all of the lesions mentioned above. None 
Microbiological examinations and artificial infection tests
Neither parasites nor bacteria were detected in any organs examined.
Virus isolation from the visceral organs was not successful with the cell lines used in this study even after the blind passage.
The RT-PCR examination for aquabirnavirus and betanodavirus did not detect amplification of the viral gene. The tissue fil trates used in the artificial infection could cause neither mortality nor clinical symptoms in the fish examined. These results indicate that the present mortality was not associated with previously known diseases of larval or juvenile marbled sole, i.e. vibriosis, streptococcicosis (Nishioka et al., 1997) , viral nervous necrosis (pers. comm.) and aquabirnavirus disease (Isshiki et al., 2001 
